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Abstract 
Fuel oil and gas offered by vehicle refuelling stations have combustion and explosion characteristics, serious casualties and economic 
losses often caused by fire. The research about oil and gas fire risk, refuelling process and facilities, proposing appropriate fire prevention 
measures possess great significance for reducing refuelling stations’ fire losses, and ensuring the safety of the station and surrounding 
environment. 
© 2014 The Authors. Published by Elsevier Ltd. Selection and peer-review under responsibility of the Academic Committee 
of ICPFFPE 2013.  
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1. Introduction 
    Vehicle refueling stations are collective name of oil filling stations, gas stations, automobile oil and gas filling stations, 
refers to the place providing fuel for vehicle. Common vehicle refueling stations include oil filling stations, LPG filling 
stations, natural gas filling stations, LNG filling stations, automobile oil and gas filling station and so on. 
    As of the end of 2006, China has 93,879 oil filling stations, which could basically meet the needs of domestic users. With 
increase in China’s dependence on foreign energy supplies and the increase in environmental protection pressure, the state 
continues to promote gas vehicles, and the amount of urban gas filling stations is rising. From 1999 to 2004, the amount of 
domestic urban gas filling stations rose from 130 to 712, which was an increase of 448%; among them, the average annual 
growth rate of LPG filling stations was 34.3%, the average annual growth rate of CNG filling stations was 32.2%. The oil 
long-term goal of PetroChina, covered 80% market share of domestic natural gas market is to set up more than 5000 LPG
refueling stations throughout China. 
    Fuel oil and gas offered by vehicle refueling stations have the characteristics of combustion and explosion, and the 
stations are attributed to dangerous facilities. In order to facilitate vehicle refueling, refueling stations are mostly set up in 
densely populated areas.thus, great loss and high impact will occur once there is a fire. 
2 Fire risks of vehicle refueling stations 
    Vehicle refuelling stations are built in the crowded urban, suburban and the side of motorway, where have the huge 
amount of traffic and person, fire sources are complex, the oil and gas in and out of the vehicle refueling stations are 
flammable liquid and flammable gas, the fire risk is huge, so it is likely to cause casualties in the event of fire and explosion  
2.1 The fire risk of oil filling station 
2.1.1 Fire risk of the oil product. The main products of oil filling stations are gasoline and diesel oil. The composition and 
physicochemical properties of the gasoline and diesel are shown in Table 1 
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Table 1. the composition and physicochemical properties of the gasoline and diesel 
 Gasoline Diesel 
Composition C5̚C12 hydrocarbon  
Melting point˄ć˅ -90.5̚-94.5 -18 
Boiling Point˄ć˅ 40̚205 282̚338 
Relative density˄water=1˅ 0.7̚0.8 0.82̚0.86 
Relative vapour density˄air=1˅ 3̚4  
Vapour pressure˄kPa˅ 40.5̚91.5˄37.8ć˅  
Flash point˄ć˅ -58̚10 45̚55 
Ignition temperature˄ć˅ 250̚530 257 
Explosive limit %˄V/V˅ 1.4̚7.6 0.6̚7.5 
 
2.1.2 The fire risk of process. The leaking of oil vapors during four aspects of oil unloading, oil gauging, oil filling, tank 
cleaning are likely to happen in filling stations, if the leaking volume reaches explosive concentration limit of the oil 
product, combustion or explosion can occur if there is fire source. 
2.2 The fire risk of gas filling station 
2.2.1 Fire risk of the gas fuel. The main products of gas filling stations are LPG and natural gas. Physicochemical properties 
of the gas fuel are shown in Table 2. 
Table 2. Physicochemical properties of LPG and natural gas 
 LPG Natural gas 
Composition 
The main compositions 
include propane, propylene, 
butane, butylene, small 
amount of pentane, pentene, 
and tiny amount of hydrogen 
sulfide impurities  
The main compositions include 
methane, small amounts of 
ethane, propane, butane, 
pentane, carbon monoxide, 
carbon dioxide, and hydrogen 
sulfide 
 
Melting point˄ć˅ -160̚-107 -182.5 
Boiling Point˄ć˅ -12̚4 -161̚-88 
Relative density˄water=1˅ 0.5̚0.6 0.37̚0.63 
Relative vapor density˄air=1˅ 1.5̚2.0 0.55̚0.62 
Vapor pressure˄kPa˅ ≤1380˄37.8ć˅ 101.33˄25ć˅ 
Combustion heat˄KJ/mol˅  890.9 
Critical temperature˄ć˅  -82.1 
Critical pressure˄MPa˅  4.641 
Flash point (˄ć˅ -80̚-60 -180˄ᔰᶟ˅ 
Ignition temperature˄ć˅ 426̚537 482̚632 
Explosive limit %˄V/V˅ 2.3̚9.5 3.8̚17 
Minimum ignition energy˄mJ˅  0.28 
2.2.2 Process fire risk. The processes in gas filling station are at high pressure, which likely to cause equipment leaking, gas 
leaking may exist in many locations like pipe weld joints, valves, flanges, cylinders, compressors, dryers, recycling cans, 
and filtering tanks; pulled off of LPG and CNG pipelines and accident crash of gas filling vehicle with dispenser will cause 
huge gas leaking. 
Initial facility working pressure of CNG filling stations’ technical requirement is 25MPa, and operating pressure of 
CNG cylinder is 16-20MPa, which is combustible gas storage vessel with the highest pressure currently used in China. 
System’s high-pressure running is prone to cause overpressure, when the system pressure exceeds the allowable pressure it 
can withstand, exceeding the ultimate strength of equipment and accessories could cause explosion or partial rupture. 
2.3 The type of vehicle refueling stations’ fire sources 
    It can be discovered from the analysis about fire cases occurred in vehicle refuelling stations that there are 6 kinds of 
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common fire sources could trigger the fire in vehicle refuelling stations, which are static electricity, open fire, thunder strike, 
high temperature, impact friction, and electrical sparks. 
    Oil and gas are easy to produce static electricity in the transportation and flowing; the friction of transmission and 
switching valves, oil and gas with air and vessel wall, as well as the mechanical operation will lead to the accumulation of 
electrostatic energy, therefore static fire accident mostly occurred in the transport and unloading. The fire hazards of vehicle 
refuelling stations are usually caused by external fire or careless use of fire, such as the fire brought by refueling vehicles, 
smoking of comers, firecrackers, open fire applied for overhauling and so on. High temperatures may cause spontaneous 
combustion of oil or spontaneous combustion of oil additives, impact friction are generally careless operation or the 
accumulation of energy caused by the raid of external force, electrical sparks are caused by inadequate electrical equipment 
explosion-proof level or improper use. 
3 Fire safety measures of vehicle refueling stations  
    The top priority of refuelling stations’ fire safety is to prevent the ignition source encountered by explosive gas mixture 
formed by flammable and combustible gas and air. Secondly, fire or explosion affected surface should be minimized to 
reduce casualties and economic losses caused by the fire and explosion. 
 3.1 The sitting of station 
    The sitting of refueling stations should be consistent with urban and rural planning, environmental protection and fire 
safety requirements, and choose the places with convenient transportation. Level-one oil filling station, level-one gas station, 
level-one combined fuel filling station, CNG primary filling station shall not be built in the city centre. Urban refuelling 
stations should be close to the city roads, but not near the intersection of urban trunk roads. 
    There should be a safe distance between the equipments in refuelling stations and the building (structure) outside of the 
stations, and the safe distance shall comply with vehicle refuelling stations design and construction specifications 
requirements (GB50156-2012). 
3.2 Station layout 
    Vehicle refuelling stations usually consist of the station house, fuel refilling area, ancillary service area and others. There 
should be an identified boundary between refuelling operation area and ancillary service area. There should not be “open 
fire site” or “distributed spark site” in refuelling operations area. Refuelling stations’ power substation and distribution 
station or outdoor transformer should be arranged at the outside of the explosion hazardous area, and the distance with the 
boundary line of explosion hazardous area shall not be less than 3m. Commercial catering, vehicle service and other non-
station house building or facility should not be arranged in the fuel refilling operations area of the refuelling stations, the fire 
separation distance with the flammable liquids or combustible gas devices within the station shall comply with the vehicle 
refuelling stations design and construction requirements GB50156-2012. Open fire equipments set in commercial catering, 
vehicle service and other facilities should be regarded as “open fire site” or “distributed spark site”. Among them, distance 
reduction shall not be applied to coal fired equipment within the stations as oil vapour recovery system by. Refuelling 
stations’ power substation and distribution station or outdoor transformer should be arranged at the outside of the explosion 
hazardous area, and the distance with the boundary line of explosion hazardous area shall not be less than 3m. The starting 
point of power substation and distribution station should be the openings like doors and windows. In automobile oil and gas 
filling stations, it’s appropriate to build diesel tank between LPG tank and CNG cylinder group, liquefied natural gas storage 
tanks with gasoline cans between. To ensure the quick evacuation of tank car in an accident, vehicle refuelling stations’ 
vehicle entrance and exit should be separate. 
3.3 Refueling technology and facilities 
3.3.1 Oil filling stations’ gasoline tank and diesel tank (except the fire and explosion proof tank equipped by skid-mounted 
refuelling device) should apply horizontal tanks, and underground settings. To prevent the accumulation of oil and gas 
leaking, it is strictly prohibited to locate the tanks in indoors or basement, the tanker shall not be located indoors. 
3.3.2 Self-sealing refuelling guns should be adopted and safety valve shall be equipped on refuelling hose. Offloading of oil 
tank truck must be operated in an airtight manner  
3.3.3 Refuelling process piping shall be laid underground except the part has to be above the ground. While adopting 
buried-pipe laying, trench must be filled and tamped by neutral sand or fine soil. 
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3.4 LPG filling technology and facilities 
3.4.1 Fully open closed spring emergency shut-off valve must be set on the tank. Bleeder opening of ground storage tanks 
should be at least 2m higher than the operating platform and at least 5m above the ground. Bleeder opening of underground 
storage tanks should be at least 5m above the ground. Bleeder opening should be vertically upward with blow-off pipe at the 
bottom. 
3.4.2 Check valve should be quipped on storage tanks’ inlet tube, liquid phase and gas phase return pipe. Level gauge, 
pressure gauges and thermometers and other devices must be set in place to the tanks. 
3.4.3 It is strictly prohibited to locate the LPG tanks in the indoor or basement. LPG tanks in automobile oil and urban gas 
filling stations should be buried underground and should not be arranged under the roadway. 
3.4.4 LPG dispenser must not be set in the indoor. There should be crash column (barrier) near the dispenser, the height of 
which should be not less than 0.5m. Emergency shut-off valve should be set up on LPG tanks’ outlet pipe and the liquid 
phase pipe connecting with tanker. 
3.4.5 Liquid phase pipe and gas phase pipe connecting of LPG tanker should be equipped with emergency shut-off valve. 
3.5 CNG refueling technology and facilities 
3.5.1 CNG filling (unloading) facilities must not be set in the indoor 
3.5.2 Hydraulic equipment of CNG refuelling substation which uses pressurized hydraulic equipment should not use Class 
A or Class B flammable liquid, the operating temperature of the liquid should be at leas 5ć lower than the liquid flash point. 
3.5.3 Natural gas pipeline in should be equipped with emergency shut-off valve. Manually operated emergency shut-off 
valve should be positioned at a place convenient for timely cutting off gas supply in an accident. 
3.6 LNG and liquefied - CNG refueling technology and facilities 
3.6.1 In the city centre, all kinds of LNG filling stations and automobile oil and gas filling stations should adopt buried 
storage tanks, underground storage tanks or semi-underground storage tanks. 
3.6.2 In addition to the city centre, if ground LNG storage tanks are set, the clear distance between storage tanks should not 
be less than 1/2 of adjacent larger tank’s diameter, and not less than 2m. Tank group should be surrounded by reinforcing 
dam; tank foundation’s duration of fire resistance should not be less than 3h. 
3.6.3 Dispenser must not be set in the indoor. 
3.7 Fire fighting equipment configurations 
Process equipments in refuelling stations should be equipped with fire fighting equipments. Every two sets of dispenser 
should be equipped with two portable dry powder fire extinguishers of not less than two 4kg. Ground gas storage tanks 
should be equipped with two wheeled fire extinguisher of no less than 35kg. Underground storage tanks should be equipped 
with a wheeled fire extinguisher of no less than 35kg. LNG pump and LPG pump, compressor operating room (studio) 
should be equipped with at least two portable dry powder fire extinguishers of no less than 4kg per 50m2 according to the 
construction area. Class one and two oil filling stations should be equipped with five fire blankets and 2m3 of sand; Class 
three oil filling stations should be equipped with at least two fire blankets and 2m3 of sand. Automobile oil and gas filling 
station should be equipped with fire blankets and sand as the class of oil filling stations. 
3.8 Fire Water 
3.8.1 LPG facilities in refuelling stations should be equipped with fire water system. Oil filling stations, CNG filling stations, 
Class three LNG gas filling stations should adopt buried, underground and semi-underground LNG storage tanks of LNG 
gas filling stations at all levels, it is ok to be without fire water supply system. 
3.8.2 Fire water should take advantage of fire water supply systems built by the city or enterprises. When there is no built 
fire water supply system, self-built fire water system should be used. 
3.9 Fire safety management 
3.9.1 Strictly control the fire source. It is prohibited to use the open fire in the stations. Perfectly finish lightning protection 
and anti-static work. Electrical equipment and electrical wiring must comply with the “explosion and fire hazard electrical 
installation design specifications” and other specifications. Refuelling stations’ practitioners must wear anti-static clothing. 
3.9.2 Gas filling stations and automobile oil and gas filling station should be equipped with combustible gas detection alarm 
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system. 
3.9.3 Refueling stations should be equipped with emergency shutdown systems; emergency shutdown system should have a 
fail-safe feature. 
3.9.4 Floor of LPG and LNG equipment room should not use the floor allowing the spark happen. 
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